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IEFRACTORY BODY 
Jack '. Lepp .and John A. Slyh, .Columbus, Ohio, 
assignors, by mesne assignments, to Bïtttelle 
Development Cor.poration, Columbus, Ohio, a 
corporaion of .Delware 
No Drawig. Original application FCbruary 12, 
1949, Serial No. 76,188. Divided and this 
llication AlrI 25, .1950, Serial NO. 158,087 
3 ClLms. (CI. 106--56) 
This invention relates fo refractory bodies hav- 
ing excellent thermal shock and strength prop- 
erties. In particular, if relates fo refractory 
bodies sintered from mixtures of aluminum and 
alumina and is a division of application No. 5 
76,188, Jack ZOE. Lepp and John A. Slyh, led Feb- 
ruary 12, !949, entitled "Refractory Bodies," now 
Patent No. 2,568,157, September18, 1951. 
There is a great need in- industry and commerce 
for refractory bodies having good thermal shock 10 
resistance and strength. Such bodies are re- 
quired where there are hig.h or sudden changes 
in temperature and p.ressure. They are, thus, 
invaluable where if is desired fo protect st.ruc- 
rural metallic parts, for example, as linings Ïor 15 
exhaust ports of engines, ïuel burning :chambers, 
or catalytic reactors. 
Metal!ic oxides are generally inert ai high 
temperatures, and the supposition is that refrac- 
tory bodies produced from alumina voId bave 20 
excellent heat-resisting and shock-zesistingprop- 
erties, as alumina melts in the neighborhood of 
3700 ° . It is known, howev, er, that, .altho1gh 
the strength of alurnina bodies increases :on an 
increase in the sintering lempeatures up fo a 25 
practical limit of 3500 ° F., such bodies e,.xhibit 
poor thermal shock resistance vhen subjected fo 
a fiame ai 4000 ° F. Even at flame temperatures 
of 3800 ° F., these ahumina bodies show-severe 
spalling, cracking, and erosion.. On the other 30 
hand, bodies -molded from. finely .divided alumi- 
hum and then sintered, bave good strength .and 
good thermal shock .properties at low empera- 
tures, but they are useless at temperatures mear 
the melting point of alurninum which melts at 35 
about 1200 ° . 
Attempts bave been-made fo produce refrac- 
tory bodies by sintering unprotected mixtures of 
alumina and aluminum in argon gas or a simflar 
inert atmosphere. Such bodies have .not been 40 
satisïactory. For example, mixtures having an 
aluminum content oÏ 21% .by .weight-sintered a 
1500 ° F., in argon, showed-ïai-thermal shock re- 
sistance but very poor strength,-as the .modulus oï 
rupture oï such bodies was only 200-Ibs./sq. in. 45 
With an aluminum conten .of 35% -to 51% by 
weight, the strength was increused only t00 
If is, therefore, an .obJect oI this irvention to 
provide refractory bodies ruade f.rom mLxtures of 50 
alumina and aloEminum hav!ng good thermal 
shock resistance and strength. 
It bas now been round p.ossible fo .poduce re- 
fractories from mixtures of aloEminum.and alu- 
mina having good thermal sh0ck rsisan.c_e and .5 
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strength by sintering them while surrounded by 
a mass of powdered graphite ,under an oxidizing 
atmosphere. The resulting refractories do not 
show any spalling, erosion or cracking when 
heated fo temperatures up fo 3700 ° F. Their 
strengths, .as exhibited by .their modulus of rup- 
ture, ranged from 800 fo 12,400 lbs./sq, in. 
Generally, this process involves mixing finely 
divided .alumina and aluminum together with 
enough binder so .that .the pressed .body will bave 
suiïicient "green" strength fo retain ifs shape 
whenhandled. After molding, the body is placed 
in a graphite crucible.or container and completely 
coered with finely divided graphite which is 
th0roughly tamped around the body. This con- 
tainer ]s .then placed inside a second, larger, clay- 
graphite crucible or container and also surround- 
ed by finety divided g&phite which is tamped 
around the smaller cr.ucible. The entire assem- 
bly is then heated £0 sintering temperatures in 
an oxidizing atmosphere which results in a re- 
fractor-y having the aboie characteristics. 
The quality of aluminoEra used in the prepara- 
tion of the molded body can be of commercial 
grade. The small am0unt of impurities in the 
.commercial grades-0i aluminum .are not .objec- 
.tionable. Finel.y_div.ided .aluminum is preferred, 
Since if facilitates £horough mixing and the pro- 
duction of hOt only denser but stronger bodles. 
The .mesh size of .the alumin,um, however, is not 
,too-critical, for .during mixi.ng with aloEraina in a 
ball. mfll-or simflar ,equipment, the softer alumi- 
hum partic!es wfll tend. fo. break down and me- 
chanically plate the harder alumina .particles. 
Furthenore, since the temperatures used are 
higher than the melting .point of alumina, if wfll 
ltow .and wet dUrin_g sintering tending fo form a 
c0ntinous phase- o aluminum. Aluminum, 99 
.per ent minus-325 mesh; bas been used in these 
mixtures..to produce excellent bodies. Mesh-.sizes 
.of .from 100 fo 900. can be employed fo provide 
vry..satisfactory results. 
T-.h_e quantity of.alminum in-the molded-m-ix- 
ture should vary ïrom. about 5 % fo 95 % by weight. 
Iris preferred- fo -use, from about 10% fo about 
65.%.. by-weg.ht of aluminum. 
Commercial. gzade alumina bas produced ex- 
,cellent, Zesults, If is not necessary t0 use the 
chemically pure .material .as the impuities pres- 
ent- in £he commercïal grade of alumina do. hot 
appear .fo adversely affect the resu!ting .refrac- 
tory. The a!umina.can vary in size fr0m65 mesh 
to 900 mesh (aboUt. 5 .microns), which are .the 
preferred.ranges. A decrease in.mesh size wfll, in 
most .cse,. provid e an increase in strength in 
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the sintered body as the body fs more dense. Ex- 
cellent results have been obtained from using 
alumina in mesh sizes of 900 and also mixtures of 
1 part 900 mesh and I part --65+100 mesh. The 
quantity of alumina in the molded mixture be- 
lote sintering can vary from 5% to 95% by 
weight. A refractory body ruade from a mixture 
of 90% alumina and the balance aluminum 
had satisfactory thermal shock resistance and 
strength. Sintering molded mixtures having as 
low as 35% alumina by weight produced refrac- 
tories having good strength and thermal shock 
resistance. Mixtures containing less than about 
35% alumina result in sintered bodies that are 
generally unsatisfactory due to dlstortion and 
lack of proper refractoriness from the high alu- 
rainure content. It fs, therefore, preferred to sin- 
ter molded mixtures containing from about 35 % 
fo about 90% by weight of alumina. 
The aluminum and alumina are thoroughly 
mixed together in a ball mill. Any commercially 
available mixing machinery, however, ,an be used 
which will provide a thorough and intimate mix- 
ture of these two ingredients. The mixing rime 
is hot particularly critical, for it is only neces- 
sary to obtain thorough mixing of the ingredients. 
About figteen to thirty minutes will usually be 
requlred to mix the coarser grades of alumina 
and aluminum, while the rimer mesh sizes ,an be 
mixed in about an hour. For the mesh sizes dis- 
closed herein, about thirty minutes mixing rime 
is preferred. 
After mixing, a molding binder or carrier fs 
added to the mixture to provide a composition 
that will bave suffi,lent "green" strength to re- 
tain its shape when handled. The binder mate- 
rial fs not very critical. A solution of 2% by 
weight of cellulose gum in water bas been round 
satisfactory for the purposes of this invention. 
Wax or paraffin ,an be substituted therefore to 
obtain equlvalent results, ihe binder should 
theoretically decompose or burn-off during the 
sinter leaving no objectionable compounds or im- 
purities in the refractory. 
The mixture containing the molding binder 
should then be placed in any conventional mold- 
ing equipment and molded into the desired con- 
figuration by pressing. Very satisfactory results 
bave been obtained when using a pressure of 5 
tons per square inch. Substantially greater pres- 
sures than this may be used if they do hot cause 
lamination of the body on release of the pres- 
sure and ejection of the molded body. 
Chalky bodies are produced when mixtures of 
alumina and aluminum are not protected from 
excessive attack by injurious gases like oxygen, 
carbon monoxide, hydrogen, etc., during the sin- 
ter and while cooling. To protect the bodies dur- 
ing sintering they are completely covered with a 
layer or layers of graphite. The layer must be 
of suflcient density to exclude these gases. 
Graphite surfaces exposed to the hot furnace 
gases may tend to burn down about 3 to 5 inches 
during the sinter, and the outer clay-graphite 
container ,an be partially consumed. Therefore, 
the graphite layers should be thick enough to last 
through the sintering period and through the 
cooling period while they are still hot and sub- 
ect to combustion. To achieve these results, the 
bodies are covered and packed with powdered 
graphite in a graphite container. This container 
fs then placed inside a larger clay-graphite cru- 
cible and covered and packed with more powdered 
graphite. The inner container ,an also be 
verted in order that gases passing through the 
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containers and layers of graphite will have to 
follow a longer and more tortuous route, thereby 
further protecting the bodies. Instead of using 
two graphite containers it fs obvious that the in- 
5 ner container ,an be dispensed with and only a 
single large graphitë container used with a very 
thick, dense layer of powdered graphite between 
the container walls and the molded bodies. It 
fs also possible to entirely dispense with the 
10 graphite or carbon containers and to thoroughly 
pack the powdered graphite in a thick, dense mass 
around the molded bodies. 
While the parti,le size of the graphite fs not 
too critical, it should still be of a sufficient size 
15 to be readily packed and tamped around the 
molded articles or the graphite container to form 
a dense mass. Powdered or finely divided graphite 
fs preferred. The thickness of each layer of 
graphite ,an be from 2 to 5 inches, and it fs pre- 
ferred that each layer be about 3 inches thick. It 
20 
is realized, of course, that the thickness of the 
layers will vary somewhat depending on the size 
and thickness of the graphite container or cru- 
cible and the number and size of articles tobe 
sintered. Other materials can be substituted 
'25 if desired for the powdered graphite and which 
will protect the molded bodies at high temper- 
atures from the hot gases, do hot burn off readily 
at high temperatures, and which do not adversely 
affect the molded bodies. 
30 The thicknesses of the sides of the graphite 
container and clay-graphite crucible ,an vary 
from % to 1 inch. If fs preferred that the thick- 
ness about  to % inch as this provides suffi- 
cient strength. In place of a graphite container 
;5 and a clay-graphite crucible other sultable hold- 
ets made of carbon or similar refractory mate- 
rials ,an be used. 
Any tyPe of high temperature gas-red fur- 
nace ,an be used to sinter the molded bodies. 
40 The molded mixtures surrounded by their pro- 
te,tire layer of graphite ,an also be sintered in 
electric furnaces as well as gas-flred furnaces. 
The combustible atmosphere in the furnace fs 
preferably a mixture of natural gas and air. 
45 Other acceptable gaseous mixtures that ,an be 
employed are carbon monoxide and air, methane 
and air, etc. 
Sintering temperatures can range from 1200 ° 
F. to 3300 ° F. If fs preferred, however, that the 
50 sintering temperature range from 1500 ° 1%, to 
3100 ° F., for in these ranges bodies are produced 
having excellent thermal shock resistance and 
strength. The heating rime ,an vary from 2 to 
4 hours. If fs preferred to heat the small bodies 
55 disclosed herein for about three hours at tem- 
peratures of 1500 ° 1%, to 3100 ° F. If the molded 
articles are heated for less than about 2 hours, 
the resulting refractory lacks strength and-ther- 
mal shock resistance. Heating for over four 
60 hours does not materially improve .the thermal 
shock resistance and strength of the resulting 
refractories, and, furthermore, the bodies can be- 
come damaged through greater loss of he pro- 
te,tire graRhite layers due to longer burning. 
65 It fs, of course, obvious to these skilled in the 
art that massive bodies will require thicker pro- 
te,tire layers of graphite and correspondlngly 
longer heats due fo the larger volumes" eniployed. 
The following example will serve to illustrate 
70 more fully the method of practi¢ing the inven- 
tion to those skilled in the. art. 
79% by weight Of 900 mesh alumina and 21% 
.by weight 99 % minus 325 mesh aluminum were 
 blended in a porcelain ball mill for thirty rein- 
75 utes and then were tempered fo a molding con- 



"3r599,1,85 

sistency with an aqueous solution containing two 
per cent by weight ofceilIose g.um. At,a.pres- 
sure of 10,000 Ibs./sq. in., .rectangulaly,shaped 
bodies "x"x3'" were formed fromk.the mix- 
ture. The bodies were then p]ced in agraphite 
container having aides % of aninch thick and 
were completely covered with .powdered. graph- 
ire. The powdere d graphite vas then tamped 
to form a dense mass 3 inches thick bout 
the bodies. A graptite coçer was placed on 
the top of the container which was invirt- 
ed and then put il]side a larger .clay-graPh- 
ire crucible having aides % inch thick. The 
container inside the crucibte was complete- 
ly covered with more powdered .graphite. which 
was packed or tampèd. This second laYer oî 
packed, powdered graphite was also about 3 
inches thick. A cover .was then placed-on..the 
top of the crucible and sealed with tire Clay. 
The crucib!e was then placed .on suppor-ts in the 
furnace and gas firei .(oxidizing .atmosphere). 
The temperature in the furnaCe was maintained 
at 25OO ° F., for three hoürs. After sintering, 
the refractories were allowed to furnace cool 
while protected by the graphite layers, which 
took about ,4 hours. After cooling, they were 
removed from the protective covering of graphite, 
X-rayed, and found to contain aluminum, a!u- 
mina, aluminum nitride, and carbon. Some 
of the refractories were subjected to strength 
tests and some to themal shock resistance tests. 
To determine the thermal shock resistance, a 
torch lïring test was used. The heat was supplied 
by an automatic torch, using a mixture of 
natural gas at 60 lbs./sq, in., and oxygen at a 
pressure of 80 lbs./sq, in. Flame temperatures 
produced ranged from 3600 ° I. to 4,00 ° 1% for 
about sixty seconds. The temperature of the 
sintered body was below 3700 ° F. The strength 
of the refractory as shown by its .modulus of 
rupture was detemined by cross-breaking. The 
strength of the refractories was 4400 lbs./sq, in., 
and their thermal shock resistance was good in 
that there was no spalling, cracking or erosion. 
Other bodies were formed of aluminum and 
alumina containing various amounts of each in- 
gredient and were sintered for three hours while 
packed in powdered graphite under oxidizing 
atmospheres at temperatures of 1500 ° F., P.500 ° F., 
and 3100 ° F. The refractories were tested, and 
the results obtained are shown in Table A be- 
low: 

TABLE A 
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,mosphere, the resutting refractories .also exhibit- 
ed good thermal shock resistance properties. 
Their strengths are shown in Table B below: 
TABLE B 
Eïe.c o mesh size o/.alumina in, re,ractores 
[Modulus of rupture lbs./sq. în. at room £emperature] 

10 

.15 

Type Alumina 

-65 mesh ............. 
-65-325 meSh ........ : 
part --65-100 mesh. 
part 900 mesh ....... 
00 mesh .............. 

20% Alumi- 
hum Balance 
A-lumina 
!Before 
Sintering 

2, 200 
2, 020 
} 4, .770. 
3, 060 

2s% Alumi-. 
hum Balanc 
A:lumina 
Belote 
Sintering 

,2,#70 
2,345 
, 450 
4, 60 

36 Ahtml- 
aura Balance 
-lumina ' 
.Belote 
S£utezing 

3, 025 
2; 620 
 '2, 960 
4, I00 

During Sintering and while the bodies are cool- 
ing, it is believ.ed that the thicki dense layer 
0 of powdered graphite prevents atmopheric or 
furnace gases .in large amounts, from ttack- 
ing the bodies fo. result in chalky refractories or 
refractories lacking good thermal, shock resist- 
ance and strength. Furthermore, it would 
25 pear that this graphite covering maY lso pre- 
vent escape of any gas like nitrogen in and 
around the molded mixtures .so that.ît can react 
at high temperatures with themetallic aluminum 
to produce aluminum nitride in an amount.suffi- 
30 cient to Pr0vide sintered bodies having excellent 
themal shock resistance and Strength. On the 
other hand, it la conceivable that the nitrogen 
which forma aluminum nitride can corne from 
part of the nitrogen which bas been absorbed 
35 by the graphite or from the furnace atmosphere 
which may seep or diffuse through the graphite 
covering ata very reduced rate. Since oxygen 
would undoubtedly also be present with the 
nitrogen in the furnace gases, in the graphite, or 
4O entrapped in and around the molded mixtures, 
there is reason to believe a small portion of the 
metallic aluminum would be converted to alumi- 
num oxide. Itis not precisely known in what 
form the aluminum nitride or aluminum oxide 
45 produced from metallic aluminum occurs. They 
may exist as thin layers on the outer surfaces 
on the metallic aluminum particles or on the 
outer surface of the continuous phase of alumi- 
hum after it bas melted and wet. Very small 
50 aluminum particles may be entirely converted to 
the nitride or the oxide; or it may be that more 
aluminum is converted to aluminum nitride or 

Properties o/ relractory bogies mage Hom 
mixtures o] aluminum ang alumina 

I 
Modulus of Rupture af Room I 
Per Cent by Weight Temperature, lbs./sq, in., I Thermal Shock Resistance, 
Belote Sintering Sintered in Graphite af -- Sintered in Graphite at  
Alumina Aluminum-" 1506 ° F. 2500  F. 3100 ° F... 1500 ° Fo 2500  F. 3106  F. 
8, 600 ! Poor Poor 
1, 700 Good Good 
3. 300 '. .... do .......... do ..... 
3,100 ..... do .......... do ..... 
2,900 ..... do .......... do ..... 
5, 600 ..... do .......... do ..... 
9, 300. ........................ 

I00. O. 130 2, I00 
90. I0. I, 000 I, 400 
79. 21. 800 4, 400 
65. 35. I, 300 9, 800 
48. 5 51. 5 3, 800 11, 600 
35. 65. 3, 200 12, 400 
O. 100. 10, 800 9, 500 

:Excellent. 
Po. 
Po. 
Po. 
Po. 
Good. 

900 mesh in size. 
99%, minus 325 mesh in size. 

Bodies were also marie containing alumina of oxide near the surfaces of the bodies than in their 
various mesh sizes and 99%, minus 325 mesh centers. In any event, the aluminum nitride and 
aluminum. Packed in graphite and sintered ai aluminum oxide which melt ai high tempera- 
3100 ° F., ïor ttn'ee hours under an oxidizing at- 5 tures provide excellent constituents in the result- 



ing refractories, ihe carbon present in the re- 
fractories can possibly occur from the incomplete 
combustion of the binder, or corne from the 
powdered graphiti or from the furnace atmos- 
phere. 
In summary, this invention teaches that re- 
fractories having good thermal shock and 
strength properties can be obtained by sintering 
mixtures of alumina and aluminum while packed 
in powdered graphite. These bodies are highly 
reïractory and exhibit no fusion, cracking, ero- 
sion, spalling, or ïailure af temperatures up fo 
3700 ° F. The results obtained herein are much 
greater than can be anticipated from a mere 
unprotected mixture of aluminum and alumina 
sintered in argon or other gases. The superiority 
of the bodies obtained by practicing the method 
disclosed by this invention is due in large meas- 
ure, itis thought, to the formation during sinter- 
ing of aluminum nitride from the aluminum in 
the mixtures, and possibly of carbon and a minor 
amount of aluminum oxide, proviiing additional 
naterials in the resulting reïractories which 
have high melting points. 
What is claimed is: 
1. A ceramic refractory material having good 
 thermal shock resistance and a modulus oï rup- 
ture in the range 800 to 12,400 lbs./în. , said ma- 
terial consisting of a molded mixture sintered in 
graphite in an oxidizing atmosphere and com- 
prising 35 to 90% alumina and 10 to 65% alumi- 
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hum prior to sintering, and showing aluminum, 
alumina, aluminum nitride, and carbon on X-ray 
analysis subsequent to sintering. 
2. A ceramic material showing the presence 
5 of aluminum, alumina, aluminum nitride and 
carbon on X-ray analysls, and having good ther- 
mal shock resistance and a modulus of rupture 
of from 800 fo 12,400 lbs./in. 2, and being the 
heat reaction product of sintering in graphite 
10 under an oxidizing atmosphere a mixture oï 
from 35 fo 90% by weight alumina in mesh sizes 
from 65 fo 900, the balance of the mixture being 
aluminum. 
3. A ceramic reïractory material having gooi 
1 thermal shock resistance and a modulus of rup- 
ture in the range 800 to 12,400 lbs./in. 2, said ma- 
terial consisting of a molded mixture sintered 
in graphite in an Çxidizing atmosphere and con- 
sisting of 35 to 90% a!umina in mesh sizes from 
20 65 to 900 and 10 fo 65% aluminum in mesh sizes 
from 100 to 900 prior to sintering, and showing 
aluminum, alumina, aluminum nitride, and car- 
bon upon X-ray analysis subsequent to sintering. 
JACK M. LEPP. 
25 JOHN A. SLYH. 
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